The present study examined the effects of strychnine on the tonic hyperpolarization and the changes in membrane properties of lumbar motoneurons that occur during active sleep. To carry out these studies, intracellular recordings from lumbar motoneurons were combined with the juxtacellular microiontophoretic application of strychnine in chronic, undrugged, normally respiring cats. During active sleep, compared to quiet sleep, motoneurons that were not exposed to strychnine exhibited tonic hyperpolarization, a decrease in cell excitability, and an increase in membrane conductance; they were also bombarded by high-frequency, large-amplitude IPSPs. In conjunction with the juxtacellular application of strychnine, there was a marked reduction in the degree of hyperpolarization during active sleep; motoneuron excitability was no longer suppressed, and there was a reduction in the increase in membrane conductance. In addition, the large-amplitude IPSPs were blocked. These results identify glycine as the neurotransmitter responsible for the state-dependent changes in membrane properties and the hyperpolarization of motoneurons that takes place during active sleep.
During active sleep, lumbar motoneurons are tonically hyperpolarized (Morales and Chase, 1978) . Superimposed on the hyperpolarized membrane potential are high-frequency, largeamplitude, state-specific postsynaptic inhibitory potentials (ASIPSPs; Morales and Chase, 1982; Morales et al., 1987a) . We believe that the tonic hyperpolarization of motoneurons during active sleep is due to the electrotonic summation of distal dendritic active sleep-specific IPSPs, which are not evident in soma recordings. Another process that could contribute to membrane hyperpolarization during active sleep is disfacilitation produced, for example, as a result of the active sleep-related withdrawal of brainstem monoaminergic excitatory influences (McGinty et al., 1973; Heym et al., 1982 ; see review by Jacobs, 1985) , and/ or the cessation of Ia afferent discharge.
In addition to the occurrence of tonic hyperpolarization and the presence of AS-IPSPs during active sleep, there is a decrease imal dendrites as well as at distal dendritic sites.
In previous work, we have demonstrated that strychnine, a glycine antagonist (Curtis, 1962 (Curtis, , 1969 , blocked the AS-IPSPs . This finding led us to conclude that the premotor inhibitory neurons that generate the AS-IPSPs utilize glycine as their neurotransmitter . The present experiments were designed to determine whether the tonic changes in membrane properties (i.e., hyperpolarization and increased membrane conductance) are also the result of the activation of glycinergic synapses or whether they are induced by either disfacilitation or a non-glycinergic inhibitory neurotransmitter. A portion of the present work has been previously published as an abstract .
Materials and Methods
Surgical procedures. Experiments were performed on four intact, unanesthetized, normally respiring cats that were prepared for chronic intracellular recording from lumbar motoneurons during sleep and wakefulness. Surgical procedures were carried out while the animals were anesthetized (see below); during periods of experimentation, the cats readily went to sleep, and did not exhibit any behavior that would indicate that they were uncomfortable or stressed. Details ofthe surgical and implantation procedures for recording intracellularly from spinal cord motoneurons and for monitoring the cortical EEG, EOG, PGO, and EMG in order to differentiate states of sleep and wakefulness have been previously reported (see Morales et al., 1981) . Briefly, each cat was anesthetized with sodium pentobarbital (40 mg/kg) and placed in a heavy-duty stereotaxic instrument. The skin was reflected from the calvarium, and screw electrodes were inserted (1) in the frontal bone over the sigmoid gyri to monitor electroencephalographic activity and (2) into the orbital portion of the frontal bone to record EOG activity (Ursin and Sterman, 198 1) . A recording bipolar strut electrode was placed in the lateral geniculate body (A6, L10.5, H3.5) in order to monitor ponto-geniculate-occinital (PGO) activitv. Insulated wires from -. I all electrodes were subsequently soldered to a 20-pin connector cemented to the calvarium with acrylic resin. Preparation of the spinal cord to permit chronic intracellular recording from lumbar motoneurons was accomplished as follows: After exposure of the vertebral column, miniature stainless-steel screws were implanted bilaterally in each of the articular processes of the vertebrae between L3 and Sl in order to immobilize the vertebral articulations permanently. Specially constructed hard plastic (Delrin R) clamps were placed around L3, L4, and L6 in such a way that their hook-shaped tips passed ventrally around the vertebral bodies to stabilize the vertebral column (Morales et al., 198 1) . The above assembly, with the exception of lamina L5, was covered with dental cement. Subsequently, a hole (1.5-2 mm diameter) was placed in the dorsal lamina of L5 to enable a micropipette to be lowered into Microiontophoreticprocedures. Four-barrel glass micropipette assemblies, with tips broken under a microscope to a total diameter of 6-12 pm, were used for extracellular drug ejection. These multibarrel micro-PGO pipettes were affixed with cyanoacrylate cement to intracellular recording glass microelectrodes that were filled with 2 M K+-citrate (microw .
electrode impedance, 5-l 5 MQ). The tip of the recording pipette extended beyond the tips of the drug ejection pipette assembly by 75-100 pm. Three pipettes in the multibarrel assembly were filled with strychnine (15 mM in 165 mM NaCl, pH 5.0); their individual impedances ranged from 20 to 60 MQ in situ. One barrel of the drug ejection assembly was filled with 2 M NaCl for automatic current balancing. Strychnine was released using constant positive current of 440 f 38 nA ( range, 150-850 nA) from a programmable current generator. A retention current (-10 nA) was routinely applied to each drug-containing barrel to minimize leakage of strychnine from the micropipettes prior to the drug's active ejection (Soja et al., 1987; Chase et al., 1989) . After cell impalement, membrane properties (see below) were determined before strychnine was ejected. Thereafter, strychnine applications were maintained until the end of intracellular recording in each cell; the mean duration of strychnine ejection before the onset of active sleep was 4.9 + 1.4 minutes. Membrane properties were determined during drug application. Data collection and analysis. EEG, EOG, and PGO activity were recorded via the electrodes that were implanted during the initial surgical procedures. High-gain (100 x) DC and low-gain (10 x) DC intracellular activity, as well as extracellular EEG, PGO, EOG, and EMG activity, were recorded on a 15-channel tape recorder during the course of the experiment.
Brief summaries describing the methods used to analyze the membrane potential and basic electrophysiological properties of the action potential, input resistance (R,), membrane time constant (T,), and rheobase (Rh), as well as the IPSP analysis procedures across the sleepwakefulness cycle, are presented below. These are standard procedures that we have employed in other studies (Morales et al., 1985 (Morales et al., , 1987b Chase et al., 1986 Chase et al., , 1989 Soja et al., 1987) .
Membrane potential. Membrane potentials values were determined by measuring the difference between the DC potential recorded intracellularly and that recorded immediately after withdrawing the microelectrode from its intracellular position. For determining changes between quiet sleep and active sleep, cell membrane potential recordings of at least 30 set were obtained during both states. During active sleep, records were obtained during tonic non-REM periods.
Input resistance (R, J. R,, was calculated from the computer-averaged voltage change produced by injecting low-intensity (14 nA) depolarizing and/or hyperpolarizing current pulses of 50 msec duration.
Membrane time constant (73. The determination of the 7, was based on an analysis of the decay phase of the averaged cell membrane voltage change produced by current pulses injected through the microelectrode. Most motoneurons exhibited the nonlinear behavior described by Ito and Oshima (1965) . It was therefore necessary to correct the voltage response data to avoid underestimating the 7,. The correction was made by applying the exponential model proposed by Ito and Oshima (1965) in accord with the methodology of Zengel et al. (1985) . This procedure involved successively "peeling" exponential terms with the longest time constant from semilogs plots of V or dV/dt versus t (Rall, 1969; Burke and Ten Bruggencate, 1971; Zengel et al., 1985) . Afterhyperpolarization (AHP). In order to measure the AHP, averages were obtained of at least 50 consecutive action potentials elicited with a short (500 Fsec) suprathreshold current pulse that was directly injected through the impaling microelectrode. The amplitude of the AHP was determined as the difference between the membrane potential level immediately preceding the initiation of the current pulse and the voltage value at the peak of the AHP. The half-decay width was measured by determining the time between the AHP peak and the data point on its decay phase corresponding to half its amplitude.
Rheobase (Rh). Rh was taken to be the minimum stimulus intensity of a 50-msec intracellular depolarizing current pulse that was required to elicit a full-size action potential in consecutive trials.
Spontaneous IPSPs. The effect of strychnine on active sleep-specific IPSPs was analyzed as previously described (Morales et al., 1985) . Portions of high-gain intracellular recordings were sampled during quiet Figure 1 . Effect of microiontophoretically applied strychnine on the active sleep-related hyperpolarization of lumbar motoneurons. Thefirst four traces in A and B represent the continuous monitoring of the animal's behavioral state as indicated by EEG, EOG, PGO, and EMG activity. The bottom traces represent the low-gain intracellular membrane potential activity obtained from a lumbar motoneuron recorded under control, drug-free conditions (A) and during a protracted microiontophoretic ejection of strychnine (B). Note that the membrane potential of the motoneuron recorded in A hyperpolarized by 5 mV during active sleep compared to the preceding episode of quiet sleep. However, the motoneuron in B, which was exposed to strychnine (15 mM, pH 6.5, 300 nA, 5 min), hyperpolarized by 1.8 mV during active sleep. The vertical calibration pulse corresponds to 100 pV, 200 pV, 100 pV, and 200 PV for EEG, EOG, PGO, and EMG traces, respectively. C, Each bar represents the mean motoneuron membrane potential during quiet sleep and active sleep, in control neurons and in cells exposed to strychnine; the error bars indicate the SEM of each population.
sleep and active sleep in control lumbar motoneurons and in motoneurons exposed to strychnine (cf. Morales et al., 1985 Morales et al., , 1987b .
Statistical procedures. Statistical analyses were performed using the paired Student's t test. In the present studies, 01 was set at 0.05, and two-tailed tests were employed.
Results
Data were obtained from 60 lumbar motoneurons that had resting membrane potentials of -50 mV or more negative and antidromic action potential amplitudes that ranged from 55 to 85 mV. On average, the intracellular recording time was 20.9
Properties during Active Sleep . Blockade by strychnine of the active sleep-related decrease in excitability of lumbar motoneurons. Current pulses were injected through the intracellular electrode during quiet sleep and active sleep (50 msec duration, 2.0-3.0 Hz). The magnitude of current injection that consistently elicited a somadendritic action potential was defined as the rheobase value. A. I and B. I (upper truces) illustrate the voltage responses and action potentials elicited by corresponding intracellular current pulses (lower traces), during quiet sleep and active sleep, in a control motoneuron (A. I) and in a motoneuron exposed to strychnine (B.1). A.2 and B.2, Each bar represents the mean Rh in control cells (A.2) and in cells exposed to strychnine (B.2). The error bars indicate SEM of each nonulation. Note that under control conditions the Rh markedly increased (A.2) . However, in motoneurons that were exposed to strychnine, the increase in Rh that normally occurs during active sleep was markedly attenuated (B.2). As reported previously, lumbar motoneurons are hyperpolarized during active sleep, except during episodes of REM when complex concurrent hyperpolarizing and depolarizing events occur (Chase and Morales, 1983 ). The level of hyperpolarization was determined in control motoneurons and in strychnine motoneurons, that is, cells exposed to strychnine. Figure 1 , A and B, portrays the membrane potential changes from quiet sleep to active sleep in a control (A) and in a strychnine motoneuron (B). Note that the hyperpolarization in the strychnine cell was considerably smaller than in the control cell. The mean and SEM values of mem- Figure 1 C. During active sleep, there was a 9.1 f 1.2 mV hyperpolarization in control cells (i.e., cell membrane potential during active sleep: -66.5 + 3.8 mV, during quiet sleep: -57.4 -t 3.8 mV, n = 7; p < 0.05). In contrast, in those cells exposed to strychnine for 2 min or more, there was a hyperpolarization of 1.3 + 0.2 mV (i.e., membrane potential during active sleep: -56.9 f 1.5 mV; during quiet sleep: -55.6 f 1.6 mV; n = 5;p < 0.05).
Rheobase. An increase in Rh from quiet sleep to active sleep in a control cell is shown in Figure 2A .l. In the cell exposed to strychnine, there was no evident change ( Fig. 2B. 1 ). In the control cells, there was a significant increase in Rh of 59% during active sleep compared to quiet sleep (active sleep Rh: 14.9 f 2.2 nA, quiet sleep Rh: 9.4 + 1.5; n = 11; p < 0.05; see Fig.  2A .2). In cells exposed to strychnine, Rh did not increase from quiet to active sleep (active sleep Rh: 9.7 + 1 .O nA, quiet sleep Rh: 9.7 * 1.5 nA; n = 8; p > 0.05; see Fig. 2B.2) . Input resistance. Figure 3A illustrates the voltage change of a control cell to the injection of a 3 nA depolarizing current pulse during quiet sleep and the consecutive period of active sleep. In this particular motoneuron, there was a 23% reduction in R, (i.e., from 1.06 Ma during quiet sleep to 0.82 MQ during active sleep). Figure 3B depicts the membrane potential response to a 2 nA current pulse in a motoneuron exposed to strychnine. The R, in this cell did not change; it was 0.77 MO during quiet sleep and 0.76 MQ during the consecutive episode of active sleep. Figure 3C illustrates the mean and SEM values of R, during quiet sleep and active sleep in control motoneurons and cells exposed to strychnine. In control lumbar motoneurons, cell R,, significantly decreased by 44.4% (active sleep R,: 0.65 + 0.13 MQ; quiet sleep R,,: 1.17 f 0.21 MQ; n = 11; p < 0.05). In contrast, the 6.4% decrease in R, observed in strychnine cells did not reach statistical significance (active sleep R,,: 1.17 + 0.14 MQ; quiet sleep R,,: 1.25 f 0.12 MO; n = 16; p > 0.05).
The Ri, was examined in 11 additional motoneurons during quiet sleep before and during exposure to strychnine; there was no change in this membrane property (Ri, before strychnine: 1.10 f 0.21 MO; during strychnine: 1.07 ~fr 0.20 MQ; n = 11; p > 0.05). These results indicate that strychnine per se has no direct effect on this basic electrical property (a similar analysis that was performed for 7, also showed no modification of this parameter as a result of drug application; see below). Membrane time constant. In control cells, the 7, was shortened during active sleep compared to quiet sleep; an example of this change is shown in Figure 4A . Figure 4A illustrates the decay phase of the cell membrane potential change to a 2 nA current step applied to a motoneuron under control conditions during quiet sleep (open circles) and active sleep (solid circles); the decay phase has been plotted employing semilogarithmic coordinates. Note that the r, of the motoneuron recorded during active sleep was markedly shorter than that determined , and the other exposed to strychnine (B). In each motoneuron, the current pulses were applied during wakefulness or quiet sleep (1) during quiet sleep. In contrast, the T, for a lumbar motoneuron exposed to strychnine was essentially the same during both quiet sleep and active sleep (Fig. 4B) . Figure 4C shows mean and SEM values of 7, in control cells and strychnine cells during quiet sleep and active sleep. In control motoneurons, the 7, decreased by 52.4% from quiet sleep to active sleep (active sleep T,: 2.83 f 0.20 msec; quiet sleep 7,: 6.26 + 0.56 msec; n = 9; p < 0.05). In strychnine neurons, there was a significant decrease of 2 1.3% in the 7, from quiet sleep to active sleep (active sleep 7,: 4.07 + 0.48 msec; quiet sleep 7,: 5.17 f 0.43 msec; n = 16; p < 0.05). This 21.3% decrease in T, in cells exposed to strychnine contrasts with the much larger 52.4% decrease in T, in control cells. Therefore, strychnine reduced but did not abolish the change in cell T, that occurs during active sleep.
The 7, was also determined in the 11 cells recorded during quiet sleep before and during strychnine ejection (i.e., for the same cells in which there was an assessment of R,,). In these cells, the 7, was found to be the same before and after the release of strychnine (7, before strychnine: 5.56 f 0.65 msec; 7, during strychnine: 5.67 f 0.45 msec; n = 11; p > 0.05).
Active sleep-specific IPSP activity. As reported in previous studies performed in the chronic cat, lumbar motoneurons are bombarded by discrete large-amplitude IPSPs during active sleep (see Morales et al., 1987a, their Fig. 1 ; Chase et al., 1989, their Fig. 2A ). This inhibitory activity was either abolished or markedly reduced in motoneurons exposed to strychnine. In Figure  5 , A and B, examples of high-gain membrane potential recordings obtained from two different motoneurons are shown during quiet sleep and active sleep, one under control conditions (Fig.  5A) and the other during a sustained ejection of strychnine (Fig.  5B) ; the IPSPs that normally bombard motoneurons during active sleep in the control cell were not observed in the cell that was exposed to strychnine. Figure 5C shows the frequency of Soja et al. The open circles represent the decay phase during quiet sleep after correcting for the nonlinear properties of the membrane (see Materials and Methods). The solid circles represent the corresponding data obtained during the consecutive episode ofactive sleep. The 'T, is the negative inverse of the slope of the regression lines. Note that under control conditions (A) the r, was reduced by 46%, from 6.7 msec during quiet sleep to 3.6 msec during the consecutive episode of active sleep. During a sustained juxtacellular ejection of strychnine, the active sleep-related decrease of the 7, was abolished (B). Bars in C represent the group mean values for r, during quiet sleep and active sleep under control conditions and for the motoneurons exposed to strychnine; error bars indicate SEM ofr, ofeach population. Figure 5 . Blockade of spontaneous IPSPs of lumbar motoneurons during quiet and active sleep by strychnine. A and B represent membrane potential recordings of a control cell (A) and of a motoneuron exposed to strychnine (B) during quiet sleep and active sleep; the active sleep-specific IPSPs that appear in the control cell are blocked in the cell that received strychnine. Spontaneous IPSPs were quantified using a computer system (see Materials and Methods and Morales et al., 1985) . The bars in C depict the group mean IPSP frequency during quiet sleep and the consecutive episode of active sleep under control conditions and the presence of strychnine. Error bars indicate the SEM of IPSP frequency ofeach population. Note that there is a marked increase in IPSP activity in control motoneurons during active sleep, which was abolished by strychnine. IPSPs, which increased from 17 f 4 IPSPs/sec during quiet sleep to 74 f 13 IPSPs/sec during the consecutive episode of active sleep in control lumbar motoneurons. In contrast, in those motoneurons exposed to strychnine, the IPSP frequency increased from 8 + 3 IPSPs/sec during quiet sleep to only 15 f 6 IPSPs/sec during the consecutive episode of active sleep. An examination of the waveform parameters of IPSPs in the cells that did exhibit an increase in IPSP activity during active sleep revealed only potentials of low amplitude and a brief time course (see Chase et al., 1989) .
Afterhyperpolarization.
AHP was determined during quiet sleep and the consecutive episode of active sleep in 10 control cells and in six cells exposed to strychnine. An example of the AHP in a control cell is illustrated in Figure 6A ; note the decrease in amplitude during active sleep compared to quiet sleep. The AHP of a lumbar motoneuron exposed to strychnine is presented in Figure 6B ; the reduction in AHP amplitude produced during active sleep is blocked by strychnine.
The means and SEM of the amplitude of the AHP are shown in Figure 6C . In control cells the amplitude of the AHP decreased by 38.4% during active sleep compared to quiet sleep (quiet sleep AHP amplitude: 6.28 f 0.49 mV; active sleep AHP amplitude: 3.87 k 0.78; n = 10; p < 0.05); however, no differences were found in the half-decay width of the AHP (quiet sleep half-decay width: 21.25 + 1.26 msec; active sleep halfdecay width: 20.15 +-2.44 msec; n = 10; p > 0.05). In contrast, in those motoneurons exposed to strychnine, the amplitude of the AHP decreased by only 16.6% (quiet sleep AHP amplitude: 6.84 f 0.78 mV; active sleep AHP amplitude: 5.70 -t 0.70 mV, y1 = 10; p > 0.05); half-decay width also did not change (quiet sleep half-decay width: 20.15 f 2.44 msec; active sleep halfdecay width: 19.70 + 1.88 msec; n = 6; p > 0.05). Strychnine did not affect the amplitude or decay phase of the AHP during the state of quiet sleep (data not shown).
Discussion
The tonic hyperpolarization of lumbar motoneurons during active sleep was almost completely suppressed by strychnine, although a small residual hyperpolarization still persisted. The residual hyperpolarization may result from the presynaptic withdrawal of facilitatory influences (i.e., disfacilitation). Two different mechanisms may account for this disfacilitation. First, some of the facilitatory influences of supraspinal origin, such as those originating from the locus coeruleus or the raphe nuclei, are not present during active sleep because neurons in these regions cease discharging during this state (McGinty et al., 1973; Heym et al., 1982) ; however, because of the lack of changes in AHP amplitude and time course in strychnine cells, we do not consider the monoaminergic neurons to play a significant role in the hyperpolarization of lumbar motoneurons during active sleep (see below). Second, disfacilitation may also occur as the result of the suppression of y-motoneuron activity during active sleep (Kubota et al., 1967) . In addition, it is possible that a nonglycinergic inhibitory neurotransmitter may be responsible for the residual tonic hyperpolarization. Although disfacilitation or a non-glycinergic inhibitory neurotransmitter may be responsible for the residual tonic hyperpolarization, the most parsimonious explanation is that strychnine did not reach distal dendritic synaptic sites, where glycinergic synapses are likely also to be active. In this regard, van den Pol and Gores (1988) reported that lumbar motoneurons and their large dendrites extending away from the soma receive numerous glycine-immunoreactive boutons.
The excitability of motoneurons is greatly reduced during active sleep (Morales and Chase, 1981) , as indicated by a significant increase in Rh. We previously hypothesized that this was mainly due to two factors: tonic hyperpolarization and increased membrane conductance (Morales and Chase, 198 1) . The present results support this hypothesis because strychnine, which suppressed hyperpolarization and blocked the Ri, decrease, also abolished the Rh current increase during active sleep.
The changes in 7, as the animals changed states from quiet sleep to active sleep are described for the first time in the present study. However, an antecedent of these data may be found in the 4 1% decrease in the value of this membrane property during the atonic state that occurs when carbachol is microinjected into the reticular formation of decerebrated cats (Morales et al., 1987b) . In the present work, we found a comparable 52.4% decrease in the average 7, during naturally occurring active sleep, which further indicates that there is an increase in membrane conductances during active sleep. The partial blockade by strychnine of the change in T,, taken together with the abolition of the change in R,,, indicates that strychnine blocks the processes that increase membrane conductance during active sleep. That strychnine is acting specifically in these processes is indicated by the fact that strychnine affected neither Ri, nor 7, during quiet sleep.
In cells exposed to strychnine, there was still a statistically significant decrease in the motoneuron 7, during active sleep, even though the decrease in Ri, that occurs during active sleep was no longer evident. This apparent paradox can be explained by the work of Carlen and Durand (198 l) , who used a neuronal model to show that membrane conductance increases at distal dendritic sites may not be detected by input resistance measurements obtained by a somatic recording microelectrode, whereas there may still be a change in membrane 7, values. Thus, the persistence of decreased T, in lumbar motoneurons exposed to strychnine may be due to an increase in membrane conductance generated at distal dendritic synapses. In turn, this is consistent with the proposal that the glycinergic synaptic terminals of the responsible premotor inhibitory neurons are directed not only to somatic but also to distal dendritic sites.
As we have shown in this report, AHP amplitude decreases during active sleep. A similar reduction has been observed in lumbar motoneurons (Glenn and Dement, 198 1) and in trigeminal jaw-closer motoneurons (Chandler et al., 1980) . The decrease in AHP amplitude could be accounted for by the tonic hyperpolarization and the decrease in Ri, during active sleep. This assumption is supported by the fact that, when strychnine blocked the hyperpolarization and increase in conductance, there was no longer a decrease in the amplitude of the AHP during active sleep.
It is unlikely that either serotonin or noradrenaline are involved in the changes in membrane properties that occur during active sleep. In both control cells and cells exposed to strychnine there was no change in AHP duration during active sleep compared to quiet sleep, even though microiontophoretically applied serotonin (White and Fung, 1989) or noradrenaline released by electrical stimulation of locus coeruleus (Fung and Barnes, 1987) induce a reduction in AHP duration. These data, together with the low rate of monoaminergic neurons discharge during quiet sleep and almost cessation of activity during active sleep, lead us to conclude that, under natural conditions, neither serotonin nor noradrenaline significantly affect motoneuron membrane properties during quiet sleep compared with active sleep.
Spontaneously occurring IPSP activity. In the present study, robust IPSP activity was found to occur during drug-free episodes of active sleep when compared to quiet sleep or wakefulness, which substantiates our previous studies (Morales et al., 1982 (Morales et al., , 1987a Soja et al., 1987; Chase et al., 1989) . The juxtacellular application of strychnine, which resulted in an abolition or significant reduction of the active sleep-related tonic hyperpolarization, was effective in abolishing the increased inhibitory drive to motoneurons during active sleep. It seems likely that the changes occurring in motoneuron properties during active sleep that we observed are due to the bombardment of lumbar motoneurons during active sleep by these behavioral state-specific IPSPs. Tonic hyperpolarization would then likely arise as a result of the temporal summation of these active sleepspecific IPSPs at dendritic sites, which in turn would contribute to the observed changes in motoneuron properties.
Conclusion. In conclusion, the results of the present study indicate that motoneuron hyperpolarization as well as the changes in AHP amplitude, Rh, Ri,, and T, during the atonia of active sleep are most likely due to glycine-mediated postsynaptic inhibition.
